To study the epidemiology of small round-structured viruses (SRSV) in the Netherlands, all outbreaks of gastroenteritis that were reported to the Research Laboratory for Infectious Diseases, Department of Virology, National Institute of Public Health and the Environment (RIVM) in 1994 and 1995 were examined using electron microscopy (EM), single-round reverse transcriptionpolymerase chain reaction (RT·PCR), and sequencing. To enable this, a generic SRSV-specific primer pair was developed that could detect 85% of a panel of antigenically diverse SRSV. By EM, SRSV could be detected in 86% and by RT-peR in 91% of the reported gastroenteritis outbreaks. Partial sequence analysis of the polymerase region of these viruses revealed that two different clusters of viruses were responsible for the majority of the outbreaks. This strongly suggests epidemic spread of SRSV in the Netherlands.
Small round-structured viruses (SRSV) [I] are a group of single-stranded RNA viruses that were recently classified as members of the family Caliciviridae [2] . They are a major cause of epidemics of acute nonbacterial gastroenteritis in children and adults. Although morphologically indistinguishable, by solid-phase immune electron microscopy (SPIEM), 6 antigenic groups have been described (UKI, UK2, UK3, UK4, Norwalk virus [NV] , and the Oklahoma agent [OKL]), including the prototype strains Taunton (UKI), Hawaii (UK3), and Snow Mountain (UK4) [3] . In addition, SRSV strains have been described that have not been grouped antigenically (Southampton virus [SOY] ; [4] , Toronto virus [TV] [5] , Mexico virus [MX] [6] , and Lordsdale virus [7] ). Until recently, standardized reference diagnostic reagents were not available because SRSV cannot be grown in animals or cell culture. However, the cloning and sequencing of NV and SOY [4, 8] have opened the way to diagnosis of SRSV infection by molecular methods such as reverse transcription-polymerase chain reaction (RT-PCR) [9, io, 12] . In addition, by sequencing the amplified products, this method proved to be suitable to group the known antigenic types of SRSV into genogroup I (NV, SOY, and UK2 viruses) and genogroup II (HV, TV, and SMA viruses) [II] . However, the considerable nucleotide sequence diversity among SRSV strains, especially between genogroups (up to 50% of nucleotides), results in a low sensitivity of PCR [9] .
In this study, the role of SRSV in outbreaks of gastroenteritis in the Netherlands was investigated by analyzing all outbreaks of gastroenteritis that were reported to the National Institute of Public Health and the Environment (RIVM) in 1994 and 1995. For this, we developed and evaluated a generic RT-PCR assay that detects all known SRSV types. Moreover, to increase our understanding of the epidemiology of SRSV in the Netherlands, SRSV strains were further analyzed by sequence analysis.
Materials and Methods
Outbreaks. A total of 317 stool samples from 22 outbreaks of gastroenteritis and 81 paired serum samples from 8 outbreaks were sent to RIVM for virologic investigation. These outbreaks comprised 53% of all outbreaks reported to 14 regional health services in the Netherlands in 1994 and 1995; they were selected for virologic examination by local epidemiologists on the basis of a published case definition [12] . A brief description of these outbreaks and some epidemiologic findings are given in table 1. Stool samples were negative for Salmonella, Shigella, and Campylobacter species, with the exception of outbreak 95-11, where Salmonella enteritidis was considered to be the cause of the outbreak.
Electron microscopy (EM) and SPIEM For EM, a 10% stool suspension in PBS (pH 7.2) was concentrated by ultracentrifugation. Only stool samples with sufficient volume were selected (n = 186; the remaining 131 were tested by RT-PCR only). For 8 outbreaks, a stool sample that was positive for SRSV by EM and 3 serum pairs (acute and convalescent) were used for examining rises in antibody levels by SPIEM [3] .
RNA extraction. Viral RNA was extracted from stool suspensions by the polyethylene glycol-cetryltrimethylammonium bromide method [10] and was either used directly in RT-PCR or stored at -70°C.
Selection of primers. A generic RT-PCR was designed and compared with a single-round NV RT-PCR [9] . Prior to primer selection, strains from three different outbreaks were partially sequenced using published NV primers (NV35, NV36, NV3, and NV51) [9] . The 430-bp sequences of these 3 strains were aligned and compared with sequences of published prototype strains to Generic SRSV RT-PCR. RT was done after annealing with oligo dT in 10 mM TRIS-HCI (pH 8.3), 50 mM KCI, 7.5 mM MgCh, I mM dNTP, 40 U of RNAguard (Pharmacia, Roosendaal, Netherlands), and 8 U of avian myeloblastoma virus RT (Promega, Leiden, Netherlands). An aliquot (10 jiL) of the RT mix was added to a PCR mix containing 10 mM TRIS-HCl (pH 8.3), 50 mM KCl, 1.5 mA1 MgCI2 , 0.2 mM dNTPs, 2.5 U of ampliTaq (Perkin Elmer), and 0.3 jiM each primer (NV3 and NV51 for NV RT-PCR, and JVI2 and JVI3 for generic SRSV RT-PCR). Samples were denatured for 3 min at 94°C and subjected to 40 cycles at 94°C for 1 min, 37°C for 1 min 30 S, and 74°C for I min. PCR products were analyzed by agarose gel electrophoresis.
The generic RT-PCR was confirmed by Southern hybridization with a pool of 5' digoxigenin-Iabeled probes (probe UKI-4 from [13] and probe P2B from [14] ). Hybridization was done at 37°C overnight, and reagents for hybridization and chemiluminescent detection were used as recommended by the manufacturer (Boehringer Mannheim, Almere, Netherlands).
Validation ofgeneric RT-PCR.
The RT-PCR assay was validated using a panel of previously SPIEM-typed SRSV strains. The panel consisted of 6 type UK-I, 4 type UK-2, 8 type UK-3, 5 type UK-4, 6 type NETIMX, and 10 untypeable strains and coded specimens containing other enteric viruses: polioviruses (Sabin 1, 2, and 3), echoviruses (types 6, 25, and 33), coxsackieviruses (A16 and B5), group A rotaviruses (serotypes 1, 2, 3, and 4), astroviruses (types 1 and 2), and adenoviruses (types 40 and 41). All strains were from samples submitted for diagnostic purposes to the Public Health Laboratory, Leeds, UK (SRSV) or RIVM (other enteric viruses).
Sequencing. From each outbreak, PCR products of 3 patient strains were sequenced in both orientations using the PCR primers in a PRISM Ready Reaction DyeDeoxy Terminator Cycle sequencing kit (Applied Biosystems, Nieuwerkerk, Netherlands). Sequences were edited using Seq Ed (version 1.03; Applied Biosysterns) and analyzed in Geneworks (version 2.45; Intelligenetics, Mountain View, CA).
Results
Selection ofprimers. Our first goal was to develop a peR assay that detects all known SRSV types. Therefore, primers Figure 1 . Results of ethidium-bromide staining (panels A and C) and corresponding Southern hybridization (panels B and D) of products of generic SRSV reverse transcription~polymerase chain reaction (RT-PCR) (327 bp) using RNA from a selection of genogroup T (NY, UKl, and UK2) and genogroup IT (NET94, NET95) strains. Poliovirus type 1 RT-PCR product of 252 bp (P) was used as negative control for hybridization assay. SI and S2 are RT-PCR products from fecal extracts that gave negative results; S3 andS4 are RT-PCR products that gave nonspecific bands when only ethidium-bromide stained. M = DNAmolecular weight marker V (Boehringer Mannheim); W = water control.
were evaluated for use in a diagnostic RT-PCR assay for the generic detection of SRSV. We used RNA extracts from a NET94 outbreak strain and from NV as templates and tested samples in parallel in NV RT-PCR. With the NV primer pair, only NV RNA was amplified in the RT-PCR. Using primer pair JVI2/JV13, RNA from a NET94 strain and NV RNA could be amplified. On the basis of these results, the JVI21 JV 13 primer pair was evaluated further for the generic detection ofSRSV.
Evaluation of generic SRSV RT-PCR on well-characterized samples.
A panel of stool specimens containing SPIEM-typed SRSV (n = 39) or other enteric viruses (n = 16) was used for validation of the PCR assays. No detectable PCR products were obtained when RNA from 16 different enteric viruses was used as template. A total of 33 (85%) of the specimens, containing SRSV by EM, gave RT-PCR products of the expected size with the generic SRSV primer pair. PCR products of a selection of both genogroup I and II strains were confirmed by hybridization (figure 1). Only 2 (5%) of the 39 specimens were positive with the NV3INV51 primer pair that has been used in previous outbreak investigations [9] .
Evaluation of the generic RT-PCR on outbreaks. By EM, particles resembling SRSV were detected in 57 (31 %) of the 186 stool specimens from 19 ofthe 22 outbreaks of gastroenteritis reported to RIVM in 1994 and 1995 (table I). In 8 outbreaks (94-3, 94-6, 94-9, 95-1 to -5), both stool and acute and convalescent serum samples were collected so that SPIEM could be done to detect rises in levels of antibody. In serum pairs from all outbreaks, significant rises in antibody levels were seen. The homologous outbreak strain was used as antigen in SPIEM for 4 outbreaks. For the remaining outbreaks, insufficient numbers of virus particles were present in the patient stool samples, and heterologous strains were used for SPIEM.
To evaluate the generic RT-PCR, RNAs from 317 stool specimens from 22 outbreaks were extracted and analyzed. All 19 EM-positive outbreaks could be confirmed. Of the 3 EM SRSV -negative outbreaks (94-2, 94-8, and 95-11), SRSV was detected in 2 samples from I outbreak (94-2) by RT-PCR. Stool extracts from the remaining 2 outbreaks were negative by RT-PCR. Group A rotavirus was found in 4 of the 10 stool samples tested from one of these outbreaks (94-8), and the other was an outbreak where S. enteritidis was considered to be the cause (95-11). In addition to generic RT-PCR, an NVspecific RT-PCR assay was done on 1994 outbreak samples. Only specimens from I outbreak (94-7) gave products with primer pair NV3INV51.
Molecular epidemiology. To investigate the genetic variability of SRSV in the Netherlands, we determined the nucleotide sequence of a 145-nucleotide stretch of the RNA polymerase region (POL) from strains of 19 different SRSV outbreaks. This region was chosen because sequence data from a large number of SRSV strains were available for comparison [9, II] . Within outbreaks, all sequences were identical. The majority of the strains circulating in 1994 were closely related to UKI-MX (100% amino acid and 98% nucleotide sequence identity), whereas in November 1994 (94-10), there was a shift to UK3-like viruses (85.4% amino acid and 91% nucleotide sequence identity with Grimsby virus), which continued to circulate as a predominant virus type in the 1995 outbreaks (figure 2). Within the 1994 cluster, a maximum of 2%, and within the 1995 cluster, a maximum of 9% nucleotide changes between different outbreaks were found, whereas the difference between , . --
.... the clusters was~25%. The results ofRT-PCR and sequencing were unambiguous except for outbreak 94-7, in which 2 different sequences were obtained from different stool samples within the outbreak. From the phylogenetic analysis, it was apparent that these strains belonged to genogroup I SRSV (figure 2) .
Discussion
This is the first report on RT-PCR detection and molecular epidemiology of SRSV in the Netherlands. Until 1994, outbreaks of gastroenteritis were analyzed for the presence of viruses by direct EM only. Several groups have described an RT-PCR for the detection of a single antigenic type of SRSV using primers that target the polymerase gene, which is supposed to be conserved [9] . Recently, a broadly reactive RT-PCR, using 2 different primer sets, combined with Southern hybridization was described [14] .
One of our aims was to develop a generic primer pair that detects all known antigenic groups. Therefore, we designed a primer pair from a region that is conserved between our outbreak strains and other published SRSV strains. The sensitivity of this assay (85%) is high compared with that of a published assay using a single primer pair (66% [13] ). With the NVspecific primer pair, only 5% of the samples from the panel were detected, which confirms previous findings [9] . Hence, for diagnostic purposes, we now use generic RT-PCR confirmed by Southern hybridization [13, 14] .
The second aim of our study was to determine the etiologic significance of SRSV in outbreaks of gastroenteritis in the Netherlands. SRSV could be detected by EM in 86% and by RT-PCR in 91% of the outbreaks. As these outbreaks comprised 53% of all outbreaks reported to regional health services, SRSV are associated with at least 45% of all outbreaks of gastroenteritis in 1994 and 1995 that were reported to the regional health services that participated in this study. The high detection rate raises the question whether SRSV may be a commensal in the gastrointestinal tract of healthy persons rather than a cause of gastroenteritis. We tried to address this question by collecting stool samples from affected people 3 weeks after the outbreak (I outbreak) and by testing paired serum samples for rises in antibody levels (8 outbreaks) . No viruses were found after the symptoms had subsided, and rises in antibody titers were found in most outbreak samples that were tested; this shows that, for these 9 outbreaks, SRSV infection coincided with the symptoms and were likely the cause of the disease.
Our third aim was to increase our understanding of the epidemiology of SRSV. Human enteric caliciviruses can now be classified into three distinct genogroups, with the classic enteric caliciviruses belonging to a separate genogroup within the animal caliciviruses [15] and the SRSV belonging to the other two genogroups [7, II] . By phylogenetic analysis, strains of 18 of the 19 SRSV outbreaks circulating in the Netherlands in 1994 and 1995 were assigned to the genogroup II of SRSV [11, 14] . Strains of I outbreak (94-7) could be assigned to genogroup I. The majority of the 1994 strains form a tight cluster related to MX. Of interest, MX-like viruses also circulated as a predominant strain in the UK in 1993 and 1994 [16] . All outbreak strains analyzed in 1995 form a tight cluster related to a new UK strain (Grimsby).
In conclusion, we developed a sensitive generic RT-PCR that detects a wide range of antigenically different SRSV and strains circulating in outbreaks in the Netherlands in 1994 and 1995. Furthermore, our data indicate that SRSV are associated with a significant part of the total number of outbreaks of gastroenteritis in the Netherlands. The striking new finding in this study is the circulation of a predominant SRSV type in the Netherlands for a certain period (figure 2), suggesting epidemic spread of SRSV infection. Others have described the cocirculation of several SRSV strains [13] . It is unclear whether this discrepancy reflects a difference in the epidemiology of SRSV between countries or whether the clustering reflects spread of a predominant strain in certain settings: the majority of reported outbreaks in the Netherlands occurred in institutions where the risk of acquiring infection was greater due to higher susceptibility or lesser hygienic conditions or both. Future research should focus on careful monitoring of the genetic variability of SRSV strains in different settings.
